Groundwater is the backbone of public water supply in Paraguay but it is threatened by contamination and over-exploitation. To increase the awareness of this crucial resource and the environment in general, a comic book for primary school pupils was developed, accompanied by posters, games and videos. The acceptance of the package was greatly improved by providing teachers with training workshops and a guidebook that allowed them to integrate the material seamlessly into their syllabus. The format of the guidebook was previously harmonized with the Ministry of Education. Identification between the characters of the comic and the audience was fostered by using a country-specific natural and social background. A physical groundwater model was used to increase understanding of the importance of groundwater in the water cycle.
Introduction: groundwater in Paraguay
Water supply for most of the population of Paraguay depends on groundwater. While the subtropical eastern half of the country has sufficient groundwater recharge and aquifers of high yield, e.g. the transboundary Guarani Aquifer (Amore 2011; Hirata et al. 2011) , the semi-arid western part, the Chaco, suffers from water scarcity and salinization of resources (Houben et al. 2014) . Most cities and practically all rural areas lack proper wastewater collection and treatment systems. Wastewater is mostly disposed of through infiltration into the subsurface via pit latrines or dug infiltration wells. Not surprisingly, many wells show indices of fecal bacteria contamination (Houben et al. 2014 ). Groundwater quality is further impaired by insufficient solid waste collection and inappropriate disposal. This especially affects less affluent social groups who have no means to treat their water or to buy bottled water. The economy of Paraguay is dominated by agriculture, often for cash crops such as soybeans, especially in the eastern half (Weisskoff 1992; Berry 2010) . Groundwater contamination by fertilizers and pesticides is a cause of concern and topic of public debate (Houben et al. 2015) .
Against this array of problems stands an economy with low average income, a chronically underfunded educational sector and a lack of awareness for environmental problems. Groundwater, for example, is rather an abstract concept for the general public and even most decision makers. The most promising target groups to overcome habits which negatively affect water resources and the environment are children and adolescents. Awareness raising for primary school pupils was therefore one of the key issues of the project PAS-PY BManejo sostenible y protección de aguas subterráneas^ (Sustainable  management and 
Teaching materials
Comic books, graphic novels and even mangas have shown potential for transmitting science information to a young audience (Gorman 2008; Chipman 2010; Cooper et al. 2011) . The geosciences are no exception to this and available materials address topics such as general earth science (Cole and Degen 1987; Basher and Gilpin 2010) , rocks and minerals (Basher and Green (2009) , volcanoes (Harbo and Smith 2008) , plate tectonics (Lee and Wallenta (2014) , earthquakes (Barlow and Hahn (2014) and, of course, dinosaurs (Cole and Degen 1994) . The topic of water supply has also been addressed in commercially available publications (Cole and Degen 1986 ) but also by larger water supply companies and professional associations, e.g. the Aqua Duck comics of the Spokane Aquifer Joint Board, which is accompanied by coloring and activity books (SAJB 2018) . These materials are, however, often quite specific with regard to their cultural, anthropological, linguistic, geographical and technical background. They may thus not be transferred to other countries without serious modifications. Additionally, most available comics are stand-alone products and lack accompanying materials that foster in-classroom use and adoption by teachers.
Therefore, it was decided to develop an educational package on environmental issues tailor-made for Paraguay. The mainstay is a water comic called BLas aventuras de Ytyky( The adventures of Ytyky), with drawings by the local artist Amado Escobar.
Two issues were produced, containing several adventures each. The name of the main character, Ytyky, stems from the indigenous language Guarani, which is still frequently spoken in Paraguay. BY^means Bwater^and Btyky^is Bdrop^. Ytyky has some magic powers, which he uses in the adventures he lives through with his human and animal friends. They touch upon different topics, each presented in a separate adventure, including the water cycle ( Fig. 1) , contamination-e.g. by waste-water, landfills and motor oil (Figs. 2 and 3), the multiple uses of water, hydropower, water and agriculture, sustainable use of natural resources and legal aspects of environmental protection. They were translated into language and concepts that can be grasped by children, e.g. legal aspects were compared to the rules of a football game. All stories are set against a local background with common Paraguayan location names (often in Guarani), buildings, native wildlife and plants but also include important social and economic features, e.g. featuring Paraguay as a predominantly agrarian country, which fosters the identification of the children with the stories.
Both Bgood^and Bbad^characters make their appearance in the stories (Fig. 4) . The eponymous hero Ytyky, who appears in all episodes, is accompanied by two children, a boy and a girl. The boy Traviesin (travieso = naughty) sometimes causes trouble because of neglect and is accompanied by Arami, a schoolgirl characterized by her curiosity. The presence of children characters fosters the identification between the young audience and the characters. If more background information is required, BDr. Naturaleza^(= Dr. Nature) sometimes appears, half human, half tree. Ytyky and Dr. Naturaleza help the children to understand the importance of water and of problems related to contamination. The problems are sometimes created, unwillingly or by ignorance, by the children themselves but also by inconsiderate grown-ups. The resulting contamination is visualized using sinister characters, e.g. coliform (fecal) bacteria, motor oil drops or a heavy metal gang with its gang members Cobrito (= copper), Plomito (= lead) and Cadmito (= cadmium) who escape from discarded batteries (Fig. 4) . Each episode concludes with a Bhappy endingŵ hich shows a solution to the presented problem, e.g. eliminating the bacteria by proper wastewater collection and treatment or motor oil recycling. Teachers and child psychologists participated in the elaboration of the story board to ensure an adequate didactic level. It is important to use fun and suspense to tell the story and not list just some Bdo's^and Bdon'ts^-for example, the heavy metal gang is shown to escape from carelessly discarded batteries, afterwards creating all kinds of havoc and illnesses. In the course of the story, they are finally confined to a landfill Bprison^, through the actions of the good characters, where they cannot do any harm (Fig. 4) .
A comic book alone is not much more than a nice giveaway and in itself it will not make much of an impact. Therefore, a package of accompanying materials was developed. Two posters on water cycle and contamination, intended for classroom use, pick up storylines from two stories of the Fig. 4 Characters from the water comic. Upper row: positive characters: Ytyky, Traviesin, Arami, Dr. Naturaleza (from left to right). Lower row: negative characters: coliform bacteria (having a party in Traviesin's stomach), the heavy metal gang (in their landfill prison), motor oil drops Fig. 3 Scenes from the water comic on water contamination by motor oil and heavy metals comic. Two games were also specifically developed, one of the memory type with images from the comic and one board game based on the water cycle poster. A short computeranimated movie of the water cycle featuring Ytyky was also produced and distributed via CD and the internet. For teachers, the guidebook was especially important since it provides them with background information on each adventure, gives them hints on how to use the material in class, including suggestions on homework and extra-curricular activities. It follows the official syllabus structure prescribed by the Ministry of Education and was harmonized with the ministry prior to implementation, which allows teachers the option to integrate the material seamlessly into their curriculum, markedly increasing teacher acceptance, as it limits extra work for them.
Application and accompanying actions
No similar material had been available in Paraguay before this project and it became very successful right from the start, with many schools demanding a set of copies. The project used workshops to train several hundred teachers in around 100 schools in many parts of the country on how to use the materials. This included some special schools for indigenous children. It should be noted that the development of such an educational package is a lengthy and time-consuming process that has to go through several iterative steps amongst the stakeholders. In this case, it took about 1 year from the first sketch to a printed product.
By the end of the project, about 30,000 copies had been distributed free of charge to elementary schools, accompanied by 2,000 guidebooks for teachers, 4,000 posters for display in the classroom and 2,000 games. Stickers and textile bags with motives from the comic were also distributed as presents. For even younger children who cannot read yet, a professional puppet player produced a puppet show based on the comic. Due to its popularity, it was later sent on a tour through the country on behalf of the German embassy.
Another successfully used tool to overcome misconceptions of groundwater was an interactive physical groundwater model. Such models are commonly used in groundwater education, especially in universities, and have been shown to increase student understanding (Neupauer and Dennis 2010; Gleeson et al. 2012; Rodhe 2012) . The model used as part of this project, provided by Ecovia GmbH, Wolhusen, Switzerland, is made of acrylic glass and filled with different types of sands, representing different geological formations and aquifers (Fig. 5) . Wells and surface-water bodies are also implemented. The model can be filled with water which flows through the model with the help of a mini-pump and the water levels can be varied to study the interaction of groundwater, lakes and rivers. Under the guidance of an instructor trained on the job, users can manipulate the model, e.g. by pumping water from the wells with a syringe and see how this affects the water levels of groundwater and surface water. Colour dye can be used to visualize flow paths and to simulate contamination of groundwater, e.g. by landfills or cesspits. The level of complexity of the presentations can be varied according to the age and the level of education of the audience. It was and still is being used in primary and secondary schools as well as in universities. In the latter case, the model was used to perform quantitative experiments, which were analyzed to calculate parameters introduced earlier during theoretical lectures, e.g. flow velocities or the drawdown of a pumping well. Presentations to decision makers, e.g. members of city councils, are especially useful to inform them of the potential effects of uncontrolled wastewater and landfill leachate infiltration on the quality of drinking water supply wells.
Evaluation of project impact
Quantifying the change of attitude towards the environment achieved by the materials is very difficult. Due to a lack of time at the end of the project, no formal evaluation of the impact of the material was performed. As the main target group was primary school children who had only just learnt to read and write, they could not be asked to give a written opinion on the material. Additionally, many schools are very remote and reaching them requires long drives over unpaved roads and many of these schools have no access to Internet and email. The number of requests from schools, asking for the materials and teacher training, however, was an indirect indicator of success. In the Itapua province, the material was declared to be of public interest by the provincial government, underlining the political backing it received. Finally, the project organizers received several oral and written comments Fig. 5 University student using the physical groundwater model. Informed consent was obtained from all individual participants in the photograph from teachers, parents and children which praised the materials' quality and described episodes of attitude change. Future initiatives of this kind could further explore the success of the initiative and the use of the material beyond the project end, which would allow for improving such approaches for longterm sustainable impact.
Conclusions
From the project organizers' experience in Paraguay, the golden rules of successful environmental education materials are:
1. Use positive characters that children can identify with, that is children (both boy and girl) and anthropomorphic visualizations, e.g. water drop or talking tree. 2. Use negative characters to personify environmental problems, e.g. contamination. 3. Using fantasy is not out of the question, characters may be able to fly or change size if this helps transmitting the story. Also, do not forget fun and suspense. 4. Use landscapes, buildings, plants and animals of the country or region you are working in. This will enhance identification with the story. 5. A happy ending is required, so the problems presented should be brought to a successful conclusion, which is best achieved through the actions of the main characters themselves. 6. Make a comprehensive product package instead of a one-time give-away. 7. Do not forget the teacher, help him/her by providing a teacher guidebook explaining background, classroom application, additional activities (e.g. games) and homework. 8. Make the product fit the national educational context.
Try to have the product approved by governmental educational institutions. 9. Do not forget the Internet and social media; use them to make your materials available and to promote them. 10. Make sure your product is being used, even after the project has ended. Train as many teachers in its use as possible. As early as possible, try to find an institution willing to finance it after the end of your project.
Comic book online materials
Readers can flip through an online version of the comic (Adobe Flash player required) at. http://my.page2flip.de/288089/334331/387267/index. html#/2 (BGR 2017).
Due to the success of Ytyky in Paraguay, an international version of the comic, set against a variety of cultural backgrounds, was made in English, French, Spanish, Russian, Arabic and Vietnamese. Readers can flip through the comics or download the pdf (limited resolution) at.
http://www.bgr.bund.de/EN/Themen/Wasser/Projekte/ laufend/TZ/Paraguay/sag-py_ytyky_node_en.html (BGR 2018) .
The computer-animated movie showing the global water cycle adventure can be found on the BGR YouTube channel (GeoChannel) in English, French, Spanish and German:
https://www.youtube.com/playlist?list=PLn2cxy DRC0H2AMwQHE9pE98ZuMTWpxiLu (BGR-LBEG 2018) . 
